High intake of fish has been associated with reduced risk of CHD. The high content of n-3 polyunsaturated fatty acids (PUFA) in fish has been suggested to be a protective factor. In addition, fish is the entirely dominating source of methylmercury for the general population, and the concentration of Hg in erythrocytes (Ery-Hg) is often used as an index of fish consumption. Our aim was to study the relationships between a first-ever myocardial infarction, Ery-Hg, activity of gluthathione peroxidase in erythrocytes (Ery-GSH-Px) and plasma concentration of the n-3 PUFA eicosapentaenoic and docosahexaenoic acids (P-PUFA). In a population-based prospective nested case -control study within Northern Sweden seventy-eight cases of a first-ever myocardial infarction were compared with 156 controls with respect to Ery-Hg, P-PUFA and Ery-GSH-Px. Both Ery-Hg and P-PUFA, but not Ery-GSH-Px, were significantly ðP , 0 : 0001Þ higher in subjects reporting high fish intake (at least one meal per week) than in those with lower intake. This finding suggests that Ery-Hg and P-PUFA reflect previous long-term fish intake. Low risk of myocardial infarction was associated with high Ery-Hg or high P-PUFA. In a multivariate model the risk of myocardial infarction was further reduced in subjects with both high Ery-Hg and high P-PUFA (odds ratio 0 : 16, 95 % CI 0 : 04, 0 : 65). In conclusion, there is a strong inverse association between the risk of a first myocardial infarction and the biomarkers of fish intake, Ery-Hg and P-PUFA, and this association is independent of traditional risk factors.
A decreased risk of CHD has been reported in subjects with high fish intake (Kromhout et al. 1985; Shekelle et al. 1985; Norell et al. 1986; Svensson et al. 1995a; Daviglus et al. 1997) . The presently favoured theory is that the reduced risk is caused by n-3 polyunsaturated fatty acids (PUFA) that are present in high concentrations in fish. The effect has been especially attributed to the PUFA eicosapentaenoic acid (20:5 n-3; EPA) and docosahexaeonic acid (22:6 n-3; DHA) (de Deckere et al. 1998) , which are closely associated with fish intake (Svensson et al. 1993) . Dietary supplementation with these fatty acids has been shown to reduce the risk of cardiovascular complications in survivors of myocardial infarction (GISSI-Prevenzione Investigators, 1999) and recently it was found that high intake of fish and n-3 fatty acids was associated with decreased risk of ischaemic stroke in women (Iso et al. 2001) . Significant correlations between the habitual fish intake and the proportions of EPA and DHA in the plasma phospholipids, respectively, of the same magnitude for both fatty acids, were demonstrated (Andersen et al. 1996) . A parallel protective factor of fish intake may be its importance as a source of Se (Å kesson et al. 1991; Svensson et al. 1992 Svensson et al. , 1995b Bensryd et al. 1994; Hagmar et al. 1998) , which is considered to protect against CHD (Salonen, 1987) , possibly due to its presence in the antioxidant enzyme glutathione peroxidase (GSH-Px).
However, not all studies have shown a protective effect of fish consumption on CHD (Ascherio et al. 1995; Morris et al. 1995) . Notably, Hg, for which fish is the dominating source (in the form of methylmercury (MeHg); World Health Organization, 1990) , has been suggested to increase the risk of CHD (Salonen et al. 1995) . Many studies have shown that a high consumption of MeHg-contaminated fish may cause neurotoxic effects (World Health Organization, 1990) , but there are no additional reports of any impact of MeHg on the risk of CHD. Metabolically, Hg can inactivate antioxidant agents, such as glutathione, by binding to sulfhydryl groups. Furthermore, Hg can bind to Se, thereby reducing the activity of Se-containing factors including GSH-Px. Also, Hg may promote formation of free radicals (World Health Organization, 1990) . The concentration of Hg in erythrocytes (Ery-Hg) is a strong indicator of MeHg uptake, and is a good and often-used index of fish consumption (Svensson et al. 1992) , as fish in most populations is the major source of MeHg (World Health Organization, 1990) . Ery-Hg has not been studied in relation to CHD. Surprisingly, hair Hg, which is also an index of MeHg intake (World Health Organization, 1990) , has been claimed to be associated with increased risk of CHD (Salonen et al. 1995) .
A problem in studies of the relationship between fish intake and CHD has been poor reliability of the data on fish consumption. Information about fish obtained by a questionnaire lacks precision and may even be biased (Rylander et al. 1998) . Thus, there is a need to supplement such information by the use of relevant biomarkers, e.g. the PUFA EPA and DHA in plasma (P-PUFA) and Ery-Hg.
The aim of the present study was to evaluate if there is a relationship between the risk of acute myocardial infarction (AMI) and Ery-Hg, P-PUFA, or GSH-Px in erythrocytes (Ery-GSH-Px).
Materials and methods

Study population
A prospective case -control study design was used, nested within an ongoing community intervention programme on cardiovascular disease and diabetes prevention; The Västerbotten Intervention Programme launched in 1985. In this programme all men and women were invited to a health survey when they reached 30, 40, 50 and 60 years of age. At the same time, the two northernmost counties in Sweden, Västerbotten and Norrbotten, joined the WHO Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) study. The Västerbotten Intervention Programme health survey was designed to fit the MONICA criteria so that it would be possible to refer to MONICA data when evaluating the community intervention programme. Participants in these two surveys were requested to donate blood samples to be stored for future research purposes. In September 1994, 36 405 subjects had been screened for cardiovascular risk factors, and more than 91 % of the participants had donated blood samples. Details about the methods have been given elsewhere (Weinehall et al. 1998) . Of the 243 reported cases with myocardial infarction in the MONICA incidence registry (World Health Organization MONICA Project Principal Investigators, 1988), eighty-six fulfilled the criteria of a first-ever myocardial infarction. Of these, six were excluded because they had a cancer diagnosis according to the Swedish National Cancer registry and another two cases were excluded as their blood samples were inadequate for analysis. In the remaining seventy-eight cases that were included in the present study the myocardial infarction occurred on average 18 months after participation in the health survey (median 15 months). The control subjects were randomly selected from the same populationbased health surveys. For the present study, they were matched for sex, age (^2 years), date of health survey (^1 year), and geographical region. Control subjects were excluded if they had reported a previous AMI or stroke, according to the survey questionnaire, or if AMI or stroke before the health survey could not be excluded from the case records, or if they had moved out of the MONICA region or died before 30 September 1994. They were asked to complete a questionnaire concerning, among other things, social background, medical history, intake of drugs, education (years) and various lifestyle factors, including diet, daily current smoking, drinking habits and stress.
Baseline examination and laboratory procedures
Smokers were defined as those reporting daily smoking of cigarettes, cigarillos, cigars or a pipe. Those participants who reported that they were ex-smokers or occasional smokers were classified as non-smokers. BMI was calculated as weight (kg)/ height (m) 2 . Blood pressure was recorded after 5 min rest by means of an Hg random zero sphygmomanometer with the subject in a sitting posture. Korotkoff's 5th phase was used as the diastolic pressure. Hypertension was defined as systolic blood pressure $160 mmHg and/or diastolic blood pressure $95 mmHg, or reported use of anti-hypertensive medication during a period of 14 d before the health survey. Samples were obtained after a minimum of 4 h of fasting. Total cholesterol was measured using a benchtop analyser (Reflotron; Boehringer Mannheim GmbH, Mannheim, Germany) at each health survey centre at the time of the health survey. To evaluate these results, blood samples stored at 2808C were analysed using an enzymic method (CHO-PAP; Boehringer Mannheim GmbH, Mannheim, Germany) from 180 of the 234 cases and control subjects. The mean values for the two analyses differed by 0 : 04 mmol/l (r 0 : 90); adjustments were made based on these differences, using the enzymic method as the standard. Venous blood was obtained in Venoject tubes (Terumo Leuven, Belgium) containing sodium heparin for determination of GSH-Px and Hg, and EDTA for lipid determination. The blood cells and plasma were separated by centrifugation at 1500 g for 15 min, divided into aliquots, and stored frozen at 2808C until analysis. To avoid bias and interassay variability, the blood specimens from cases and control subjects were analysed at random within triplets as described earlier.
Fish intake
The fish consumption was estimated from the questionnaires in the Västerbotten Intervention Programme, where the participants were asked about the number of fat and lean fish meals per week consumed at any time of the day. From these data, the subjects were divided into categories consuming $one or ,one meal of fat fish, lean fish or total fish respectively per week.
Mercury determination
Ery-Hg was determined in acid-digested samples using the atomic fluorescence technique (Sandborg-Englund et al. 1998). The detection limit was 0 : 2 ng Hg/g erythrocyte. All samples were analysed in duplicate. The accuracy of the method is checked regularly by participation in an interlaboratory programme (Centre de Toxicologie du Québec, Canada). During the year when the present samples were analysed, our results averaged 97 (range 90 -102) % (n 18) of the target values within a concentration range of 2 : 5-35 ng Hg/ml erythrocytes. The precision of the method, calculated as the CV for the duplicate results, was 4 % in the concentration range ,3 ng Hg/ml and 3 % in the ranges 3-6 and .6 ng Hg/ml. For internal method control, two commercial reference samples of lyophilised whole blood (Seronorm; Nycomed, Oslo, Norway) were included in each analytical series. For batch 205052, our result was 2 : 2 (SD 0 : 15) ng Hg/ml (n 26), and for batch 205053, 13 : 4 (SD 087) ng Hg/ml (n 27). The recommended values were 3 and 12 : 4 ng Hg/ml respectively. In addition, two samples, M-9710 and M-9711, from the inter-laboratory comparison programme were included repeatedly in the analytical series. Our results averaged 2 : 5 (SD 0 : 16) ng Hg/ml (n 13; target value 2 : 6 ng Hg/ml) and 5 : 9 (SD 0 : 60) ng Hg/ml (n 9; target value 6 : 0 ng Hg/ml).
Lipid analyses
Total cholesterol was measured by enzymic methods with Reflotron bench-top analysers (Boehringer Mannheim GmbH) at each health survey centre at the time of the health survey. The fatty acid composition of the plasma phospholipids EPA and DHA was analysed and results given as P-PUFA. Blood samples for fatty acid analysis were available from 211 subjects. The fatty acids were separated by GLC after separation of the lipids by TLC and transmethylation as described elsewhere (Boberg et al. 1985) . The fatty acid methyl esters were separated on a 25 m wall-coated open-tubular glass capillary column coated with SLP OV-351 (Quadrex Corporation, New Haven, USA), with He as a carrier gas. A Hewlett-Packard (Avondale, PA, USA) system was used and the fatty acids were identified by comparing retention times with those of NuCheck Prep (Elysian, MN, USA) fatty acid methyl ester standards and PUFA mix no. 2 (Supelco, Bellefonte, PA, USA). The relative amounts of the fatty acids were expressed as a percentage of all fatty acids analysed.
Glutathione peroxidase determination
Ery-GSH-Px activity was determined using a coupled spectrophotometric technique (Hardell et al. 1993) . To inhibit the activity of haemoglobin, potassium ferricyanide and cyanide were added to the haemolysates (Güntzler et al. 1974) . 
Fish intake and myocardial infarction
Statistical analysis
Levels of the biomarkers were compared between groups with different fish intakes using the Mann -Whitney test. Also, Spearman's correlation coefficients (rS) for the biomarkers were calculated. Two-tailed P , 0 : 05 was regarded as statistically significant. Univariate conditional logistic regression was employed to estimate the effect of each variable on the risk of a first-ever myocardial infarction (Hosmer & Lemeshow, 1989) . Effect estimates are presented as odds ratios with 95 % CI. The continuous variables (Ery-Hg, P-PUFA, Ery-GSH-Px, serum cholesterol, BMI and diastolic blood pressure) were trichotomised, in order to evaluate approximately 'dose -response' relationships. Depending on the relationships obtained, these variables were sometimes further collapsed into dichotomous variables. Linear tests for trend, without categorising the continuous variables, were also performed. The variables which turned out to be influential ðP , 0 : 2Þ were considered in a multivariate conditional logistic regression analysis (Hosmer & Lemeshow, 1989) . In the multivariate analysis only the combined P-PUFA variable was used, due to high correlation between the two fatty acids. Missing values were not replaced; the numbers of subjects with missing values per variable are shown in Table 1 .
Results
Baseline characteristics of the seventy-eight subjects with a first-ever myocardial infarction and the 156 control subjects are shown in Table 1 . Ten died within 28 d from the onset of the infarction, of these seven died before reaching the hospital. There were 119 subjects reporting 'high' (here defined as $one meal/week) intake of fish, and 110 reporting low intake ( Table 1 ). The range levels of Ery-Hg Table 2 . Concentrations of mercury in erythrocytes (Ery-Hg), and sum of n-3 polyunsaturated fatty acids 20:5 and 22:6 in blood plasma phospholipids (P-PUFA), and activity of glutathione peroxidase in erythrocytes (Ery-GSH-Px) in groups with varying fish intakes (cases and control subjects combined) 001: †For details of subjects and procedures, see p. 398. Fig. 1 . Relationship between mercury levels in erythrocytes (Ery-Hg) and sum of concentrations of polyunsaturated fatty acids 20:5 and 22:6 in plasma (P-PUFA) in seventy-eight cases of acute myocardial infarction (.) and 156 matched control subjects (W). For details of subjects and procedures, see p. 398. Spearman's r 0 : 50, P , 0 : 001:
was 0 : 5 -67 ng Hg/g erythrocyte, P-PUFA 3 : 6-12 : 2 %, and Ery-GSH-Px 0 : 6-2 : 3 mkatal/g haemoglobin. Ery-Hg, as well as P-PUFA, were significantly higher in subjects who reported a 'high' fish intake, compared with those of subjects with 'low' intake, irrespective of whether total, fat or lean fish was considered (Table 2) . On the other hand, Ery-GSH-Px activities did not differ significantly between those groups. In Fig. 1 . the relationship between P-PUFA and Ery-Hg is shown (Spearman's r 0 : 50; P , 0 : 001Þ: EryHg correlated weakly with Ery-GSH-Px (Spearman's r 0 : 16; P ¼ 0 : 014Þ: There was no significant correlation between P-PUFA and Ery-GSH-Px. We found weak negative correlations between P-PUFA and systolic blood pressure (rS 20 : 15; P ¼ 0 : 029Þ and BMI (rS 20 : 19; P ¼ 0 : 007Þ; but not with diastolic blood pressure and cholesterol. The univariate analyses revealed that the risk of a firstever myocardial infarction decreased with increasing EryHg and P-PUFA, but increased with increasing serum cholesterol, BMI and diastolic blood pressure (Table 3) . When evaluating EPA and DHA separately as continuous variables in univariate conditional regression analysis both were significantly related to the risk of AMI (odds ratio 0 : 56; 95 % CI 0 : 33, 0 : 99 and odds ratio 0 : 74; 95 % CI 0 : 55, 0 : 99 respectively). Also, smokers as well as subjects with less than 12 years of education showed a higher risk. The other variables (fatty and lean fish consumption and Ery-GSH-Px) showed no clear evidence to be influential.
The multivariate analysis revealed that subjects with both high Ery-Hg (.6 ng Hg/g erythrocyte) and high P-PUFA (.5 : 5 %) had a markedly lower risk (Table 4) . When compared with subjects with both 'non-high' Ery-Hg and 'non-high' P-PUFA the odds ratio was 0 : 16 (95 % CI 0 : 04, 0 : 65), taking into account other influential variables.
Discussion
The present primary prospective study shows that the risk of a first-ever myocardial infarction was reduced in subjects with high levels of P-PUFA and Ery-Hg. The impact of the combination of P-PUFA and Ery-Hg levels on the AMI risk was strong. This finding indicates that the combination of the two estimates is a better index of fish intake than each of the estimates separately. More specifically, they would reflect different aspects of fish intake; P-PUFA is mainly an index of intake of fatty fish, while Ery-Hg reflects intake of all fish.
The chemical determinations of both P-PUFA and EryHg are both accurate. However, they have limitations as biomarkers of fish intake. P-PUFA reflect the intake of fish OR, odds ratio; Ery-Hg, Hg level in erythrocytes; P-PUFA, Sum concentration of n-3 polyunsaturated fatty acids 20:5 and 22:6 in blood plasma phospholipids; Ery-GSH-Px, glutathione peroxidase activity in blood. * In total seventy-eight cases and 156 control subjects were included; however, information was not complete. † When Ery-Hg was collapsed into a dichotomous factor (#6 v. over the preceding weeks (Katan et al. 1991) . Ery-Hg has a longer time perspective; several months (World Health Organization, 1990) . Thus, the long-term fish intake, which is possibly the major risk indicator, was not reflected. However, the fish intake is probably fairly constant over time. Further, any variation would bias towards the null. This bias also holds for the fact that the MeHg content of fish from different sources varies (World Health Organization, 1990 ). There was no statistically significant association between myocardial infarction and questionnaire-reported intake of fish. This finding is probably due to the number of fish meals reported at baseline being a poor measure of the amount of fish consumed. Thus, the two presently-used biomarkers of fish intake, despite their limitations, are likely to give a much more valid measure of the long-term fish intake (Rylander et al. 1998 ).
We have not been able to identify significant confounding. There is a possibility that fish intake, as reflected by P-PUFA and Ery-Hg, is associated with sports fishing and thus with a physically active lifestyle, but this factor is probably of limited importance.
The present Ery-Hg values were generally low, in accordance with those seen earlier in Swedes (Svensson et al. 1987 (Svensson et al. , 1992 (Svensson et al. , 1995b Å kesson et al. 1991; Bensryd et al. 1994; Oskarsson et al. 1996) , although one subject had a level sufficiently high (67 ng Hg/g erythrocyte) to indicate a considerable intake of MeHg-contaminated fish. However, the levels are much lower than those associated with neurotoxic effects in adults (about 400 ng Hg/g erythrocyte) (World Health Organization, 1990) .
Our results are in disagreement with the report from Finland by Salonen et al. (1995) , who found strong associations between increased risk of AMI, CHD and total mortality, on the one hand, and fish intake, hair Hg (an index of MeHg intake) and urinary Hg (an index of exposure to inorganic Hg; Å kesson et al. 1991; Svensson et al. 1992; Oskarsson et al. 1996) , on the other. In the highest hair Hg tertile (.2 mg Hg/g hair), there was a 2 : 9-fold (95 % CI 1 : 2, 6 : 6) increase in cardiovascular deaths. The results are interesting, but confusing in several ways. The average hair Hg level found in this Finnish population is very high. Thus, hair Hg of 2 mg Hg/g corresponds to an Ery-Hg of about 15 ng Hg/g erythrocyte (World Health Organization, 1990), a concentration which was only exceeded by two of our subjects. Hypothetically, there may be a negative effect of such a high exposure, possibly through formation of free radicals. However, this possibility needs confirmation.
While partially in contrast to the results of Salonen et al. (1995) , the present negative association between AMI and Ery-Hg is in accordance with the results of a prospective study on a cohort of Swedish women in the whom the risk of CHD decreased with increasing MeHg and inorganic Hg in serum (Ahlqwist et al. 1993 (Ahlqwist et al. , 1999 Bergdahl et al. 1998) .
There is a positive association between serum levels of Se and fish intake (Å kesson et al. 1991; Svensson et al. 1992 , 1995b , Bensryd et al. 1994 Hagmar et al. 1998) , and in populations with moderate Se intake, there is a correlation between Ery-GSH-Px and the blood Se content (Rea et al. 1979; van Callie-Bertrand et al. 1986) . Se in selenocysteine forms the active site of GSH-Px. Despite this factor, we did not find any relationship between Ery-GSH-Px and fish intake. Such a relationship has previously been found for the plasma GSH-Px isoenzyme in a Latvian population . One explanation may be that the Se levels in Swedes are higher, and the importance of fish as a Se source is smaller in Sweden than in Latvia.
Important protective effects are associated with the P-PUFA. Several mechanisms are assumed to be involved; anti-thrombotic or anti-arythmic effects (de Deckere et al. 1998) and macrophage function and, thus, possibly plaque OR, odds ratio; Ery-Hg, Hg level in erythrocytes; P-PUFA, sum concentration of n-3 polyunsaturated fatty acids 20:5 and 22:6 in blood plasma phospholipids. * Ery-Hg and P-PUFA considered as two independent factors in the same model. The interaction between these two factors was tested by the likelihood ratio test ðP ¼ 0 : 10Þ: Thus, there was a tendency for a multiplicative interaction effect between these two factors (in contrast to model 2). † Ery-Hg Â P-PUFA considered as one factor (each individual was classified according to his or her Ery-Hg and P-PUFA). The numbers of individuals (cases:control subjects) in each category were: #6 and #5 : 5,: 34:42; #6 and .5 : 5, 26:60; .6 and #5 : 5, 4:6; .6 and .5 : 5, 6:32. ‡ Ery-Hg Â P-PUFA; smoking status and BMI considered as three independent factors in the same model. The factors serum cholesterol, diastolic blood pressure and education did not contribute significantly to the model (test for linear trend; P ¼ 0 : 5; P ¼ 0 : 16 and P ¼ 0 : 9 respectively).
stability (Lee et al. 1985; Grönholdt et al. 1998; Ross, 1999) and lowering of serum triacylglycerols (Harris, 1997) . The possibility of the latter association is the reason why triacylglycerols were not included in the multivariate models. As for MeHg, it is unlikely that it would exert a protective effect against AMI. However, through intake of fish, it is associated with P-PUFA, and with Se concentrations in blood, (Svensson et al. 1992; Huang et al. 1995; Hagmar et al. 1998) . Se has been claimed to reduce the risk of CHD (Salonen, 1987) . On the other hand, we found no relationship between AMI and Ery-GSH-Px activity.
We conclude that there is a strong inverse association between the risk of a first-ever myocardial infarction and the biomarkers of fish intake, Ery-Hg and P-PUFA, and this association is independent of traditional risk factors.
